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Abstract

A petrological study of beach sands along the Rotinest Shelf coast of southwestern Australia shows
that there is widc varicty of grain types derived from a range of sources. The main grain types are
quartz, lithoelasts, molluscs, ealeareous algae, foraminifera, echinoids, felspar and heavy minerals. To
illustrate regional variability in beaeh sand comiposition four main grain categories were used: quarlz.
felspar. lithoclasts and skeletons. The distribution of these grain types along beaches shows distinet re-
gional pattcrns within each of the Nive sectors between Geographe Bay and Dongara. refleeting vari-
ation in source type. biotic assemblages and coastal processes. The Geographe Bay. Leschenault-
Preston and Wedgce 1-Dongara sectors exhibit relatively uniform compositional trends, The remaining
scetors exhibit marked compositional variation related to their rocky shores, pocket beaches., cusps
and aceretionary sediment cells.

Quartz doeminates the Geographe Bay and Leschenault-Preston sectors, but overall there is a decline
in quartz to the north. Skeletons dominate the Wedge 1-Dongara Scetor. but may be locally abundant
in the other sectors where there are nearby seagrass meadows or rocky shores. Lithoclasts are abundant
near sites of eroding coastal limestonc. As a consequence, such as in the Cape Bouvard-Trigg 1 and
Whitfords-Lancelin sectors, the distribution of skeletons and lithoclasts may be markedly restricted
geographically. Regionally, there also is a decline in abundance of felspar and heavy mincrals to the
north. The results highlight scveral trends in beach sand composition that are useful in understanding

littoral transport, coastal proccsses and coastal management.

Introduction

The study of sediment provenance is the investigation
of composition, texiure and distribution of grains within
sediment bodies with a view to determining their source
or origin. Such data can indieate the relative importance
and relationships betwecn potcntial sediment sources and
suites, and can provide insight into whether sediments are
relict, or actively transported from distant sources, or
thoroughly mixed, efe. Sediment provenance is a well es-
tablished technique to derive such answers (Earley &
Goodell 1968, Carver 1971. Windom et al 1971,
Scheidegger & Phipps 1976, Browne er af 1980).

The essence of specifically applying a pctrologic ap-
proach in provenance studies, rather than a textural one.
1s that by use of compositionally diagnostic sand grains
(particularly if their origin or source is discrcte) it 1s poss-
ible to map the final distribution of grain types 1o indicate
onc or more processes. The occurrence, absence. or abun-
dance of specific grain types may be due to; 1 transport
into the site; 2 generation at the site: and 3 dilution at the
site by other incoming grain types.

The widespread nature or otherwisc of particular grains

thereforc can indicate the amount (or lack) of dispersion.

along a given transport pathway. Conversely. the occur-
rence of discrete pockets of scdiment with specifie grain
types could signal no transport to and from the study site,
or for skeletal grains, generation within the site and no
transport from it. Pctrologic/provenance studies thus pro-
vide information on the degree of disperston/transport in

the natural system by utilizing diagnostic grains of known
source, The advantage of such stadies over those that util-
izc artificially stained sand is that natural grains reflect
patterns of transport and dispersion that have occurred
over a long term.

A petrological/provenance study can be successfully ap-
plied to beach sands of southwestern Australia for a num-
ber of reasons. Firstly. therc are many distinct grain types
with variable sources and variable age. Sceondly, the
beach is the zone of maximum sediment transport, and
hence dispersion pathways, or lack of them. can be
highlighted by usc of provenance studics. Thirdly,
nearshore/inshore ecoastal processes result in sediment
being transported onshore and thus the beach zone can re-
fleet input from nearshore/inshore sourees as well as those
alongshore. Finally, because beach environments tend to
produce sediments of limited textural variation, textural
attributes (such as grain sizc, shape. and sorting) alone
cannot resolve provenance patterns.

This paper describes the principles, methods and re-
sults of a sediment petrology study of beaches of the
Rotinest Shelf coast of southwestern Australia. The rel-
evance of these results 1o local coastal proecsses of trans-
port also is discussed. The prineiples and methodology of
provenance analysis presented are applicable to other
coasts with similar compositional diversity of sediment
sources, and can provide information uscful for
determinimg sediment budgets and ccastal dynamics at
various scalcs of reference.
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Methods

The sands of long uninterrupted beaches as well as the
discreie pocket beaches of scalloped limestone rocky
shores were sampled in this study (Fig, 1).

Three scales of sampling siratcgy were adopted. At the
larger scale sampling was designed to encompass sedi-
ment compositional trend. that distinguish the various
coasltal sectors of Searle & Semeniuk (1985). Sampling at
this larger scale was carried out along the shore on a
>10km spacing, All sectors were samipled in this manncr.
At the medium scale. in sefected areas within each sector.
such as the coast between Quinns Beaeh and Whitfords
Beach, or between South Fremantle and Madora Bay.
sampling ol beach sands was carried out at a regular 0.5-
1km spacing. At the smaller seale, in some selected areas
of detailed study such as pocket beaeh systems along scal-
loped limestone rocky shores (Semeniuk & Johnson
1985). sampling was at intervals of 100-200m. At cach
sampling locality triplicate samples ol surface scdiment
were collected in the swash zone within an area of 50m of
beach shore length, Each sample was 100-200g in quantity
and composed mainly o' medium and coarse beach sand.

In the laboratory the replicatc samples were dried in
preparation for petrographic analysis. Because this inves-
tigation was a petrologieal study. the samples were not
sieved so that the sediment eomposition across the full
range of grain sizcs could be determined in thin section.
Eaeh replicate sample was sub-sampled to yield ¢ 2 em?
and impregnated with hlue-dyed resin which aecentuates
the intergranular spaces and intragranular porosity under
thc mieroscope. Each of the impregnated blocks was cut
in1o a standard thin section and stained for felspar. The
thin-sections were petrographically analysed using a bin-
ocular polarizing mieroseope with an attached automatic
point counter. For each slide between 300 and 500 poinis
were counled (Galehouse 1971). Eight eategories of grain
werce counted: quartz, felspar, carbonate lithoclast, mol-
luse. calcareous algae, foraminifera, echinoderm, and the
heavy mineral suite, These were subsequently aggregated
into five categories by amalgamating all the skelctal
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Figure 2 Detail of section of coast between Cottesloe and Ocean Reef showing
quartz and lithoclast content of beach sands, Note the small standard devi-
ation with respect to the mean abundance for these samples.
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grains, as some skeletons were not found to be present in
sufficient numbers. Each of the triplieate samplcs was
analysed separately and a mean abundance (= SD) of
grain types catculated for each sample site. The standard
deviation was almost always less than 10% of the mean,
indicating good rcproducibility of sampling techniques
and petrographie analysis. and relative homogeneity of
sampling sttes (Fig. 2).

The 1dentilication of skeletal fragments in thin section
is based on sections made from known standards. The
standards provided definitive information on crystal size,
crystal orientation, foliation, erc for cach phylogenctic
group as well as for distinct species. These standard thin
scctions supplemented information on idenufication of
skeletal remains in thin section published by Bathurst
(1975), Majewski (1969), Scholle (1978) and Flugel
(1982).

Regional setting

The coastal zone of southwestern Australia is the sca-
ward portion of the Swan Coastal Plain (McArthur &
Bettenay 1960). and is composed of Holocene sediments
and/or Pleistocene materials, which are part of the
Phanerozoic Perth Basin (Plaviord er al 1976). The
coastal environment of SW Australia encompassing the
inner Rottnest Shelf that adjoins the Swan Coastal Plain
has been subdivided into five sectors by Searle &
Semeniuk (1985). Each scctor has its own ancestral
geomorphology. processes ol sedimentation-erosion-
transporl. straligraphic evolution, modern coastal
gecomorphology. and its own suite or pattern of distri-
bution of sand grain types.

The coastal seetors are (Fig.2): 1 Geographe Bay Sector,
a broad. open. north-facing embayment characterized by
a low hinterland and simple submarine bathymetry; 2 the
Lesehenault-Preston Sector, characterized by a system of
barrier dunes and lagoons. and a simple submarine
bathyvmetry: 3 the Cape Bouvard-Trigg Island Sector,
characterized by a complex bathymetry of marine ridge-
and-depression morphology founded on Pleistoeene lime-
stone, and distinct Holocene sediment accumulations
forming beachridge plains; 4 the Whitfords-Lancelin Sec-
tor, eharacicrized by marine ridge- and-depression mor-
phology, limestone rocky shores and isolated aceretionary
cusps of Holocene sediment, and 5 the Wedge Island-
Dongara Sector eharacterized by a complex nearshore
bathymetry of ridges-and-depressions. limcstone roeky
shores erosionally sealloped at a large scalc. extensive
shorcward migraung dune ficlds and asymmetric
accrctionary cuspate forclands of Holocene sediment.

Regardless of the variability of the geomorphology of
the various sectors, the oecurrence of a littoral zone, along
which sand 1s transported, provides a common thread to
the entire Rottnest Shelf Coast Svstem (Searle &
Semeniuk 1983). The shorelines arc of 3 types: 1 sandy
beaches, 2 limestone rocky shores alternating with sandy
pocket beaches, and 3 hmestone rocky shores. The extent
and/or abundance of these shore types varies aceording to
tocation: sandy shores are more common south of Perth;
rocky shores arc more common north ol Perth. Beaches in
this rcgion have been subdivided on normal global eri-
teria into shorefaee, foreshore, backshore and beachridge/
dune environments (Semeniuk & Johnson 1982). Rocky
shore environments are complex, with cliffs, breeeia
wedges, shorc  platforms and breccia  pavements
(Fairbridge 1950, Semeniuk & Johnson 1983), but also
hr?ve local sand aceumulations in pocketl beaches and
sheets.
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Grain types of the beach sands

Beach sands of the Rottnest Shelf coast comain the fol-
lowing main categories of grain types. many of which are
fragments of siliceous crystals or marine skcletons:
quartz; lithoclasts; molluscs; calcarcous  algae;
foraminifers: echinoids: felspar; and heavy mineral suite.
In addition. locally, there are fragments of barnacle.
sponges, bryozoans and crustacea. A description of the
main grain tvpes and their potential source is presented
below.

Quartz. Quartz grains occur in beach sands as medium to
very coarse sand. well to very well rounded. commonly
colourless but some are yellow because of iron com-
pounds in microscopic cracks and pits on the grain sur-
face. There are several potential sources of quartz sand on
this coast. Yellow to brown guartzose sand occurs as
sheets on parts of the inner Rottnest Shelf (Collins 1983,
Searle 1984), These sheets were formed by the reworking
of surficial subacrial sand deposits by the rising post-
glacial seas. Unconsolidated Pleistocene sand dunes
overlying the limestones along the coast are composcd
predominantly of quartz. The Holocene duncs of the
modern coast also may contain up to 90% quartz
(Semeniuk & Mcagher 1981). Other lesser sources of
quartz sand arc the Pleistocene limestoues; although vari-
able, the quartz content of these limestones is commonly
10-20%.

Lithoclasts. Carbonate lithoclasts are present as well-
rounded, fine to very coarse sand-sized grains, and locally
as gravel and cobbles. The lithoclasts typically contain
sand-sized skeletal grains. pre-existing carbonate
lithoclasts, minor quartz, and traces of heavy minerals,
The lithoclasts are commonly cemented by a complex
spectrum of microcrystalline, acicular and sparry carbon-
ate cements. The ultimate sources of lithoclasts are the
eroding rocky shores and islands of the coast. However,
the unconsolidated Pleistocene and Holocene dunes in
the region also contain variable quantities of lithoclast
material (up to 50%). Although lithoclasts are originally
derived from limestones. unconsolidated dunes are prob-
ably the most profuse source in the contemporary system.

Molluses. Mollusc skeletons are present as sand and gravel
fragments, and as whole skeletons, and vary in condition
from pristine unbroken [orms to well-rounded fragments.
Mollus¢c material was identified mainly to class level.
Some material was identified to generic and specific level
for organisms that indicate specific environments; these
skeletons include Donax, Glyeymeris, Brachidontes,
Ninelia, Marmostomna and Thalotia. because they can re-
flect derivation from beach, rocky shore and seagrass
meadow environments, For purposes of this paper dis-
crimination of molluscs to generic or specific level is not
provided, but such detail would be useful in studies lo-
cated on small scale to medium scale sites.

The sources for mollusc grains are the benthic
assemblages in the region. Seagrass meadow asscmblages
provide Thajotia and a host of other gastropod and bi-
valve species (Semeniuk & Searle 1985). Molluscs of the
beach and inshore sand zone are mainly Donax and

Glycymeris. Molluscs of the rocky shore include
Brachidountes, Ninella, Marmostoma. Dicathais and
Haliotis.

Calcareous algae. These skeletons occur as well rounded
sand-sized fragments, or sand-sized disaggregated stem/
leaf segments. The common calcareous algae are derived
from seagrass meadows and algae-turf covered rocky

shores. In this study, discrimination below the family
level, cven for those calcareous algae that are environ-
ment specific, was not attempted.

Foraminifera. Whole tests of foraminifera occur as sand
sized components and are readily identifiable to generic
and specific level. However, only Marginopora tests and
fragments are common cncugh to be included in the
study. The Marginopora are derived from seagrass
meadow environments.

Echinoids. Spine and plate fragments of regular echinoids
occur as sand-sized components, but are not common.
They indicate derivation from a rocky shore or rocky
pavement environment.

Felspar. Felspar grains occur as medium to very coarse
sand. Most of the felspar occurs where rivers draining the
granitic uplands have discharged sand onto the shelf dur-
ing the Quaternary. Elsewhere felspar occurs in discrete
patches of sand related to a relic offshore source. Felspar
1s also reworked Irom yellow dune sands overlying the
coastal limesione,

Heavy niineral suite. The suite of grains termed heavy
minerals includes rutile, ilmenite, tourmaline, garnet, leu-
coxenc, monazite, magnetite, hornblende, augite and
others (Baxter 1977). Thesc minerals typically are fine
sand- to very fine sand-sized. Their occurrence is wide-
spread but they tend 10 occur most abundantly in Sector
1. In this study because of their overall low abundance
when viewed rcgionally. differentation beyvond “heavy

-miineral suite’ was not warranted.

Other misceffaneous grains. Other grains, mainly skeletal,
are described here only for completeness. These grains
may be readily distinguishable in thin section and fre-
quently are diagnostic of specific sources. The grains in-
clude barnacles. sponges. brvozoa, brachiopods.
crustacea, vertebrate ossicles, intraclasts derived from
beach rock, rock clasts eroded from basalt headlands (eg
at Bunbury), and granite/ gneiss clasts and mica eroded
from granitoid rock coasts of the Leeuwin Block. How-
ever, becanse of their low general abundance these grains
were not used in this study.

Sources of the grain types for
sediments in the region

There are numerous sources for the various grain types
of the Rottnest Shelf coastal beaches. Some of these
sources are currently manulacturing raw material; some
are relict and slowly contributing specific grains; and
some are eroding terrains yielding, again, a mixture of
specific grain types. The main sources of the grains of the
coastal beaches are. seagrass meadows; rocky shores:
sandy beach and inshore zone; eroding yellow sand dunes:.
eroding estuarine deposits; croding Holocene sand de-
posits; relict shelf sediment: eroding beach rock: and flu-
vial environments.

Seagrass meadews. Seagrass meadow environments, com-
priscd of seagrasses. theirepibionts and benthic fauna, are
a major site of carbonate grain productivity in this region
and thus a major source of skeletal grains. Seagrass
meadow environments can produee some 2.2kg/m? of car-
bonate annually (Searle 1984) and much of this material
accumulales ix siti, contributing to an ¢volving seagrass
lithofacies. However, as the banks prograde, shoal and
lose their seagrass cover the sediment material becomes
available for transport into the littoral zone. The carbon-
ate grains generated include whole tests of foraminifera,
bivalves and gastropods, and disaggregated or fragmented
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tests and skeletons of calcareous algae, bivalves,
gastropods, bryozoans, sponges and crustaceans. The
main skcletal fragments derived from seagrass mcadows
that are found in beach sediment are listed in Tablc 1.

Table 1

Relationship of grain types to the variable sources

DERIVED GRAIN TYPES

sand gravel
seagrass meadow molluscs molluscs
calcareous algae
foraminifera
rocky shore fauna molluscs molluscs
calcareous algae echinoids
echinoids
sand beaches and
inshore zone molluscs molluscs
eroding limestone lithoclasts lithoclasts
shores lithoskels lithoskels
eroding yellow quartz
sand dunes
eroding Holocene molluscs molluscs
sand deposits calcareous algae lithoclasts
foraminifera lithoskels
echinoids
lithoclasts
lithoskels
quartz
relict shelf quartz
sediment lithoclasts
fluvial quartz
environments felspar
eroding estuarine quartz molluscs
deposits molluscs
eroding beach intraclasts intraclasts

rock

Rocky shores. The rocky shore environment vields 3
broad suites of grain typcs: whole skeletons and fragments
ofthe resident biota; material from the eroding limestone;
and quariz sand (Semeniuk & Johnson 1985). The biota
inhabiting rocky shores is varied and includes calcareous
algae, bivalvcs, robust gastropods, sponges and crustacea.
The matcrial eroded from the hhmestone shores are gravel
and sand-sized lithoclasts and lithoskcis; they include
platey, rod-like, irrcgular and ecquant gravel-sized
lithoclasts (Semeniuk & Johnson 1985), generally equant
medium and coarse sand-sized lithoclasts, and whole 10
fragmented lithoskels (Read 1974). Some of this material
is transported shore-wards or alongshore to accumulate in
pocket beaches, but some also is transported to any ad-
Jjoining long stretch of sandy beach in the region. Rocky
shores also release quartz sand from the eroding lime-
stone, from exhumed yellow sand-filled solution pipes,
and from the quartz sand that blankets the coastal
limestone.

Sandy beach and inshore zone. This environment of sand
substrates supports benthic fauna of Donax, Paphies and
Glycymeris, all of which contribute gravel-sized

unfragmented shell and fragmented sand-sized

particles.

Yellow saud dunes. Coastal erosion of the Spearwood
Dunes invariably reworks the yellow quartz sand sheet
that mantles the terrain. As a result quariz sand is dis-
persed into the shore environment.

Estuarine deposits. Coastal retreat may expose buried for-
mer estuarine deposits (¢f Semeniuk 1983). These dc-
posits are eomposed of inter-lavered mud. shelly mud,
shelly quartz sand and quariz sand. Grains dcrived from
these dcposits include estuarine shells and fragments,
mud clasts and quartz sand, which are transported shore-
ward into thc beach zone.

Holocene sand deposits. Erosion of carlicr Holocene sand
deposits (¢g southern Beeher Point. or Leschenault Penin-
sula) provides a wide range of grain types. The entire
rangc of available grain types in the region may have been
incorporated into a Holocene sediment sink. and later
crosion will re-distribute these same grain types. The most
common grains are quartz, skeletons and Iithoclasts.

Relict shelf sediment. Scdiment in the offshore/nearshore
marine environment frequently is rclict and is comprised
of quartz sand or coarse skelctal sand and gravel. In most
instances the relict sediment bodies are preserved because
they arc largely isolated from contemporary sediment
sources. However, slow leakages of reliet grains may be
supplied to the shorcline by onshore transport.

Beacl: rock. Indurated beaeh sand referable to beach rock
once formed in the shore zone ean undergo erosion and
degradation (Semeniuk & Searle 1987) 10 form boulder-,
gravel-. and sand-sized intraclasts. These grain types,
however, are not abundant.

Fluvial environment. Direct discharge of sediment from
fluvial sources at numerous localities (¢g Geographc Bay,
Collic River, mouth of Swan River. mouth of Moore
River) usually is limited by the occurrence of estuaries im-
pounded behind coastal ridges or semi-permanent mouth
bars. Entrained riverine sediment thus is retained in the
quiescent estuarine cnvironments forming delias and bar
complexes. However, some fluvial sediment consisting
primarily of quartz and fclspar is still discharged into the
marine environment from the rivers of the smaller
estuaries during periods of abnormally high flow. Fluvial
sediment may also be incorporated into the shorc en-
vironment where large scale coastal crosion has incised
into pre-existing fluvial-estuarine deposits,

Discussion. 1t is apparent that a variety of grain types may
be supplicd from individual sources. This may lead to
some confusion as to the source for a concentration pat-
tern of a particular grain type. Conversely, some grain
types originate from sevcral sources. For instance, quartz
ts reworked and transporied from rocky shores, yellow
sand dunes, estuarine deposits, Holoeene sand deposits,
relict shelf sourccs, and fluvial environments. Thus the
occurrence of local, high- concentration patches of quartz
along a beach must be studied in context, by traeing the
grains to the sourcc by more general provenance mapping,.
Some grains are morc specific as to source, for example
lithoclasts. which ultimately indicate eroding limestones,
Also in this regard, environment- specific shells can also
be related directly to source (eg some species of Thalotia
derived from seagrass meadow environments, Ninella
fragments dcrived from rocky shores, or Tellina shells de-
rived from estuarine deposits).
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Figure 3 Variation of lithoclasts and quartz in beach sands along the coast between Bunbury and Eglington Rocks. Note the small standard deviation
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Regional & local distribution patterns of grain types
in beach sand along the Rottnest Shelf coast
The distribution of sand grain types along the beaches
of the Rottnest Shelf coast is presented in Figures 2-4.
These results show distinctive patterns in each of the 5
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sectors from Geographce Bay to Dongara, The results of a
local provenance study, to illustrate the typieal pctrologic
patterns of beaches in the Whitfords-Lancelin Sector, are
presented 1n Fig. 2. The various distribution patterns of
grain types in the beaches of the various sectors are inter-
preted below in terms of sediment provenance, supply
and transport.

Geographe Bay Sector

Distribution of Grain Types. Data from the pocket beaches
of the rocky shores of Cape Naturaliste and from the con-
tinuous sandy shore of Geographe Bay itself are discussed
here. Thc pockct bcaches of Cape Naturaliste show
marked compositional variations bctwcen sample lo-
cations in adjacent pocket beaches | or 2km apart. The
quartz component varies {from 1 1o 22%, felspar from | to
78%. lithoclasts from 2 1o 26% and skeletons from 6 to
95%. In contrast. the Geographe Bay beaches exhibit a
gradual change in compesition at the regional scale. In the
western portion of Geographe Bay, adjacent to Cape
Naturalistc the sand contains high concentrations of skel-
ctons (60-86%) and only minor eoncentrations of other
grains. Progressing along Geographe Bay towards the east
and north casi, the skcletal component of the sands de-
creases 10 40 or 50% and the quartz component increases
to around 30 or 40%, Fclspars and carbonatc lithoclasts
are present in minor concentrations that vary locally but
do not cxhibit a consistent trend; felspars vary from 1 to
4% and carbonate lithoclasts from 2 to 14%.

Interpretation of Distribution Patterns, The sharp contrast
in sediment composition betwecn the pocket beaches of
the Cape Naturaliste shore indicates that there is little
cxchange between these beaches and the open shoreline of
Geographe Bay. Local variation in scdiment sources and
supply cause the differences in sediment composition of
the pocket beaches. For example, the occurrence of fel-
spar- dominatcd lithologies at Bunker Bay contributes to
the local concentration of that component in the adjacent
beaches.

In contrast, thc gradual change in sand composition
along the shores of Geographe Bay indicates regional
transport and mixing of sediments. The. skelctal
componcent 1§ largely derived from the organisms inhabit-
ing the extensive seagrass meadows that cover much of
the Ttoor of the bay (Searle 1978), and the supply of skel-
ctons from the meadow to the shore occurs around the en-
tire embayment., Conscquently, the decline in skeleton
content of sands from west to east is attributable either to
selective transport of skeletons, or dilution by quartz sand
supplied by the Vasse River system.

Leschenault-Preston Sector

Distribution of Grain Types. There is a significant hiatus
in rcgional beach composition trends at Casuarina Point
which separates the pattern of Geographe Bay from that
of Leschenauli-Preston. At Casuarina Point the beaches
are boundcd by headlands of basalt, and sands contain
76% skelctons, much higher than Geographe Bay to the
south, or the shores of the Leschenanlt-Preston Sector to
the north. In thc Leschenault-Preston Sector, quartz
dominates the beach sands, Although variable, the quartz
content generally declines from 50 or 80% in the south to
about 25% in the northern parts of the sector where there
are local limestone rocky shores. Skeletons exhibit the re-
verse trend, gencrally increasing from less than 11% in the
south to 38% in the northern portion of the sector.
Lithoclasts form less than 10% of the beach sediment, ex-
cept 1n northern localities with limestone rocky shores,
where they reach up to 38%. Felspar concentration is vari-
able but minor, lecally reaching up 1o 16% at Preston.
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Interpretation of Distribution Patterns. The compositional
hiatus at Casuarina Point indicates that transport of sedi-
mcnt between the Geographe Bay and Leschenault-
Preston sectors is limited. The coastal barricr in this sec-
tor is composed predommanllv of quartz sand (80%)
which is being libcrated by crosion into the littoral trans-
port system (Semeniuk & Meagher 1981, Semeniuk &
Searle 1987). and prevailing conditions mmpell it
northwards (Searle & Scmeniuk 1985). As a result, quartz
dominates the shoreline sands in the southern and middle
parts of this seetor. The compositional gradient towards
the north ol decreasing quariz and increasing skeletons is
attributable to dilution of quartz by local sourccs of skel-
ctons and lithoclasts. In the northern part of the sector.
rocky substratcs supply loeal sources of lithoelasts and
support benthie organisms, whieh supply skeletal grains

into the littoral transport system.

The variable felspar content of sand along this sector
may be attributable to local anomalous deposits of
felspar-rich sediments (possibly an old drainage channel)
near Preston. Under prevailing eonditions and storms the
felspar is dispersed north and south. The more gradual de-
cline in felspar to the north of Preston reflects the domi-
nance of the prevailing northerly transport.

Cape Bouvard-Trigg Island Sector

Distribution of Grain Ty pes. Between Cape Bouvard and
Trigg Island the eoast consists of sandy beaches intcrrup-
ted by lumestone rocky shores and this is reflected in the
content of lithoclasts. South of Cape Bouvard in the
Leschenault-Preston Sector. lithoelasts comprisc less than
5% of the beaeh sediments. North of Cape Bouvard. the
lithoclast content varies abruptly and locally between 0
and 45%. North of Mandurah, lithoclasts in the beach
sands decline slightly to about 36Y% until rising again near
Becher Point and Rockingham 1o 30 to 60%. North of
Rockingham 1hc lithoclast content progressively deelines
to less than 25% between Fremanile and Trigg Island.

Skeletal grains velleet a similar trend to the lithoclasts.

The quartz eontent of beaches north of Cape Bouvard
remains relatively eonstant at about 60% before declining
abruptly to 30 to 40% near Falcon. At Becher Point the
quartz eontent abruptly deelines further from 30 to 40%
to about 4%. Thc quartz content then steadily increases to
between 64 1o 76% at the northern extremity of the sector
in the vieinity of Trigg Island. Felspar concentrations de-
eline from 6% at Cape Bouvard to less than 2% for most of
the remainder of the sector.

Interpretation of Distribution Patterns. The distribution
patterns of grain types of the beaehes in this sector clearly
illustrate the local influence of productive scagrass
meadow assemblages and cxtensive lincar onshore and
offshore limestone ridges (Searie 1984, Secarle &
Semeniuk 1985). Quartz-dominated sediment that is
transported past Capc Bouvard from the Lesehenault-
Preston Sector 1s progressively diluted by carbonate sedi-
ment generated by the biota of rocky shores and benthic
sand/ seagrass asscmblages, or by the croding limestones.
Quartz contributes significantly to beaches, however,
only as far north as Becher Point.

Beaches on the promontories closest to the eroding off-
shore ridges (Becher Point and Rockingham) contain the
highest eonecntrations of earbonate lithoclasts. Elsc-
where, benthic asscmblages arc the dominant sediment
source. North of Fremantle, the supply of lithoelasts 1s
limited to arcas where there is exposure of lithified on-
shore aeolianite, and where the local seagrass meadow
assemblages are less dense and, ultimately, absent. Conse-

quently beach sediments are quartz-rich and tend to re-
flect the quartz-dominated dune sands that form the ad-
jacent coast.

Whitfords-Lancelin Sector

Distribution of Grain Types. The Whitfords-Lancelin Sec-
tor consists of isolated sandy cuspate promontories
widely separated by rocky coasts with pocket beaches.
Two distinct distribution patterns are evident, Firstly. the
pocket beaches vary greatly and abrupily in their content
of quartz and lithoclast, with either being dominant; the
skeleton content of the pocket beaehes is minor but vari-
able. Secondly. in contrast, the beaches of the sandy cus-
patc promontorics are relatively homogeneous with skel-
etal grains forming a dominant component of the sands.

Interpretation of Distribution Patterns. The marked vari-
ation in sediment eomponents between pocket beaches
indieates the eomparative lack of sediment exchange be-
tween adjaeent pocket beaches. Consequently these
beaches reflect local variation in sediment supply. Along
these coasts, quartz is derived from the coastal limestones
and from the quartzose sands overlving the limestoncs.
The minor skeletal component is derived from the organ-
isms inhabiting the intertidal to nearshore rocky
environments.

The relative homogencity of the compesition of beach
sands along the large scalc accretionary cusps indicates
the ready and cfficient transport north and south along
the uninterrupted cusp shores. The higher skeleton eon-
tent of the sands reflccts the presence of seagrass meadows

‘that tend to inhabit the sheltered sandy substrates of the

adjacent nearshore in the cusp loci, Abrupt compositional
differences at the small scale between the cusps and adjac-
ent pocket beaeh shores indicate little exchange of sedi-
ment betwecn the large scale cusps and adjacent lime-
stone rocky shores,

Wedge Island-Dongara Sector

Distribution of Grain Types., The limited number of
samples collected in the northern half of the Wedge
Island-Dongara Sector shows a general consisient pattern
of sand composition, except near river mouths. The mol-
lusc component is rclatively high (>40%), the abundance
of calcarcous algae and lithoelasts are modcrately but con-
sistently elevated, ¢ 25% and 20%. respectively, and the
quartz eontent is generally low (< t0%). Felspar and
hcavy minerals generally arc absent. At river mouths
there may be a substantial input of quartz (eg 54% at
Dongara) which significantly dilutes the other
components.

Interpretacion of Distribution Parrerns. The overall uni-
form composition and  apparent lack  of
compartmcntalization of composition patierns at the re-
gional seale within this sector suggest extensive
alongshore transport and mixing of sediment types. This
probably refleets the inereased effect of sea-breeze gener-
ated windwaves as well as the progressive breakdown in
shelter of offshore barriers (Searle & Semeniuk 1985). As
a result, the sediment of poeket beaches along rocky
shores and those of lengthy beaches of the large scale
accretionary  cusps are  compositionally  similar.

Lithoelasts and molluses derived from rocky shore en-
vironments are transported alongshore and freely mixed
with calcareous algae and molluses derived from scagrass
meadow cnvironments. The only major 1mcrrupl10n to
this pattern appears to be provided by rivers. Here,

acolian quartz sands of the hinterland are reworked,
transported and discharged into the shore environment
by rivers of the Murehison region.
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Discussion and conclusions
Summary of distribution patierns

The distribution of sand grain types along beaches of
the Rottnest Shelf coast shows scveral general patterns.
Firstly, each of the 3 regional sectors between Geographe
Bay and Dongara show distinctive patterns of grain typc
distribution. relleeting variation in source types. biotic
assemblages and coastal processes. Quartz grains domi-
nate the Geographe Bay Sector and Leschenault-Preston
Sector lor lengthy stretches of the eoastline. but overall,
there is a general deeline regionally in quartz sand to the
north. Within the Whitfords- Laneelin Sector quartz oe-
curs in high concentration poekets only loeally. Skeletal
grains are loeally abundant wherc there are nearhy sites of
exicnsive seagrass meadows or rocky shores. and
lithoclasts also are abundant near sites of eroding lime-
stone. As 4 consequence, the distribution of skcletal grains
and lithoclasts may be markedly restricted geographi-
cally, and there may be a tendency for
compartmentalization of sediment types containing these
grains along the coast. Regionally there is a decline in
abundance of hcavy minerals 1o the north and felspar also
is noted to oceur mainly in the Geographe Bay and
Leschenault-Preston Scctors.

Compositional trends of sands are uniform along the
Geographe Bay and Leschanault Preston Sector. How-
ever, compositional trends are compartmentalized at the
scale of the accrctionary cells in the Cape Bouvard-Trigg
Island Seetor, and are markedly compartmentalized at the
scale of pocket beaches and individual accretionary eusps
in the Whitlords-Laneelin Sector. Pocket beaches along
rocky shores, sueh as the narthern part of the Leschenault-
Preston Scctor and throughout the Whitfords-lancelin
Sector, also contain local high-eoncentration patches of
lithoclasts. The skeletal grains on beaches of acerctionary
cusps in the Cape Bouvard-Trigg Island Scetor and
Whitfords-Lancelin Sector have sources in seagrass
meadows in the nearby marine environment. and accord-
ingly there is a concentration of molluscs and calcarcous
algae in these areas.

Significance of resulis

The results of this paper highlight several aspecis of lit-
toral transport that are important in understanding
coastal processes, and that are useful in coastal manage-
ment. Firstly, the results serve to identify the major path-
ways of scdiment transport in the littoral zone of
southwestern Australia. This has implications for eoastal
management in that it is possible 1o link coastal stability,
or struetures that result in coastal realignment, or activi-
tics that result in depletion of sediment supply, to some
prominent and extensive pathways as identified by prov-
enance studies. Sceondly. as a corollary Lo the above. the
results also indicate that transport in the littoral zone may
involve lengthy and extensive pathways (or littoral
streams) in some regions (g the Lesehenault-Preston Sce-
tor), but may be only small scale and compartmentalized
in other regions (¢g the Whitfords-Lancelin Sector). This
aspect also has implications for eoastal management in
that the design of ¢oastal structures and the management
of coastal proeesses must be designed specifieally to the
various coastal sectors or sub-sectors in the region. Sedi-
ment transport rates and transport styles from one locality
accordingly should not be indiscriminately applied 10
other arcas, and should not be viewed as necessarily in-
dicative of regional patterns.
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Thirdly, the results indicate that there are various
sources of sediment available for beaches. and that these
can vary in their storage volumes and supply rates. How-
ever, it is also possible that the variation in eomposition
and the gradual changes in abundanec of specitic grain
types in beaches can indicate or reflect the varying coastal
processes involved in supplyving. transporting and
emplacing the various grain types. Thus aspect of beach
sand petrology. when used in conjunction with other
coastal process information, can provide valuable insight
into the long term aspects of eoastal history, transport, or
coastal stability. Finally, sediment provenance, when
used in eonjunetion with other studies sueh as stratigra-
phy. oceanography, accretion/erosion rates  and
geomorphology. ean provide an indication of volumes of
sediment being transported along the littoral zone.
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